occurring cover of coarse clasts promotes relatively low ground temperatures and thereby 23
further retards the melting of the ice within the rock glacier. This makes termini of rock 24 glaciers local-scale indications for the presence of permafrost, frequently occurring at an 25 elevation indicative of the lowermost regional occurrence of permafrost in mountains 26 (Haeberli et al., 2006) . This tendency of begin among the lowermost occurrences of 27 permafrost in an area is exploited in this mapping exercise. The spatially heterogeneous 28 ground thermal regime and the frequent existence of permafrost-free areas directly adjacent 29 to rock glaciers makes the concept of "permafrost limits" impractical as these limits are 30 neither measureable nor clearly defined and consequently we avoid this concept despite its 31 prevalence in the literature. In more gentle terrain, such as parts of the Tibetan Plateau, not 32 the ground thermal conditions (i.e. the presence of permafrost), but the slope angle is the 2 limiting factor. Therefore, the presence of rock glaciers can be used as an indicator of 34 permafrost occurrence, but the absence of rock glaciers does not indicate the absence of 35 permafrost. Mapped rock glaciers will thus result in a conservative estimate of the actual 36 permafrost distribution, as over large areas of permafrost no rock glaciers can be present 37 due to the lack of debris, low slope angles, lack of avalanche snow or the elevation of the 38 valley floor. 39 B) Difficulties to understand to concept of a mapped candidate area (Fig. 6, 7 and 8 ) 40
The rock glacier mapping in our study is only meaningful for areas where rock glaciers can 41 potentially exist. There are most likely vast regions in the HKH region, mainly on the Tibetan 42 Plateau, where rock glaciers are absent due to the lack of topography and debris. For those 43 we cannot perform an assessment of the available permafrost distribution maps. To exclude 44 such areas we created the concept of the mapped candidate area, which includes only the 45 area where we can potentially expect the presence of rock glaciers. This reduced 46 investigation area does not include all mapped samples anymore, but only the sample areas 47 which fulfil certain criteria concerning topography, satellite image quality and glacier 48 coverage. This mapped candidate area is then the basis for the assessment of the available 49 permafrost distribution maps. The manuscript reads now as follows: 50
Rock glaciers outside the signatures for permafrost provided by the evaluated maps indicate 51 false negatives, as the map indicates the likely absence of permafrost, but the existence of 52 permafrost was inferred based on mapped rock glaciers. A comparison of mapped rock 53 glaciers with predicted permafrost extent, however, is only informative in situations where the 54 formation and observation of rock glaciers can be expected. In the further analysis we 55 excluded all parts of the initial samples where no rock glaciers can be expected. This subset 56 of our mapping was named potential candidate area and includes only sample areas, which 57 fulfil the following three criteria: (a) Topography: Only sample polygons where the vertical 58 standard deviation of the SRTM 90m DEM is larger than 85 m. This threshold was chosen so 59 as to be smaller than the lowest observed value where rock glaciers were mapped, which is 60 89.5 m. (b) Image quality: Only samples with sufficient image quality in Google Earth were 61 taken into account. (c) Absence of glaciers: Glacier covered areas were excluded based on 62 the glacier inventory published by Bajracharya and Shrestha (2011) , which largely covers the 63 HKH region with the exception of parts of China. 64 65 However, the authors seem to ignore the importance of geology, topography and 66 source of snow in the discussion of why rock glaciers are present in certain areas and 67 3 absent in others. Even though the reviewer agrees that rock glaciers can be extremely 68 helpful in determining the permafrost distribution in mountainous areas, their absence 69 or the altitude distribution of the front may not directly reflect the lower elevation limit 70 for permafrost to exist. Non-climate related parameters may also play a role in that 71 distribution. As a reviewer I'm missing this critical discussion in the manuscript. human systems" and to support the argument that further changes to permafrost may alter 115 these interactions. In the present manuscript, this statement is part of the introduction, 116 outlining the motivation for the work conducted and setting the stage. We believe that this 117 justifies a statement that is backed up in this way by simply referring to another publication. material. We agree, that this is a subjective criterion. Still, when setting up the mapping 194 process, we considered it to be eligible to collect as much information as possible. 195
Nevertheless, in any further analysis this was not included and none of our results are 196 7 related to how the activity of a rock glacier has been judged by a mapping person. We agree 197 with the last statement and for that reason did only distinguish activity into intact (i.e., active 198 and inactive in common terminology) from relict forms. AC: We agree that a degree itself is of minor importance, but equally the specialization they 207 have does say something. We added to the manuscript that there was a two month training 208 phase and that only one of the three had previous experience in mapping rock glaciers. It 209 reads now as the following: ". After two month of specific training in rock glacier mapping, the 210 mapping was done during six months by three people with expertise in this field (two holding 211 a MSc in Glaciology and one holding a MSc in Environmental Science with a focus on 212 periglacial processes). One of them already had previous experience of mapping rock 213 glaciers." (New Manuscript l. 224) 214 p. 5302 -l. 14: What "difficulties" were resolved during these meetings and doesn't 215 such discussions affect the independency between the mappers? 216 AC: Most difficulties were related to Google Earth and the structure in which the mapped 217 rock glaciers had to be in. Occasionally a specific scene or feature was discussed. As the 218 mapping persons were on different time schedules and there were so many scenes to map, 219
we are confident, that the independency of the individual mappings is still intact. to multiple hundreds of kilometres. Investigations on the climate rock glacier interaction may 258 be very interesting but go beyond the scope of this manuscript. 259 p. 5305l. 8ff: more details on basis of the two permafrost maps that were used and 260 compared must be provided. 261 9 AC: More detail about the two permafrost maps can be found in the Introduction part of the 262 manuscript (p.5296 l. 6.ff). We have added to the description of the PZI in the introduction: 263 "PZI is an index representing broad spatial patterns but it does not provide actual permafrost 264 extent or probability of permafrost at a location." And some more for the IPA map: "The map 265 has been digitized and is available digitally from the Frozen Ground Data Center at the 266 National Snow and Ice Data Center, Boulder, Colorado, USA." (New Manuscript l. 72). the uncertainties related to the mapping (also caused by the differences between the 280 two mappers) impacts the elevation. Als, one has to keep in mind that the presence of 281 rock glaciers is not only related to the permafrost, but also controlled by local geology 282 and general topography. If the whole area is located at elevations with a high 283 probability for permafrost to exist rock glaciers fronts will be high and cannot be 284 compared with areas where the topography allows rock glaciers to be present in areas 285 of low probability. In other words, minimum elevation is not the only factor and it is 286 suggested that the authors include a discussion on topography and geology. 287 AC: This comment appears to refer to the sentence "Minimum elevations reached by rock 288 glaciers are a few hundred meters lower than what previous more local studies have 289 reported for Nepal (Jakob, 1992 , Ishikawa et al., 2001 ) and match well with previous reports 290 from Pakistan (Owen and England, 1998) .". For the first part of the reviewer comment we 291 point to the potential errors and uncertainties related to Google Earth and the DEM are 292 discussed in section 5.1 (p. 5303 l.26). If more rock glaciers are mapped, then a wider 293 elevation range than in limited local studies is to be expected. For the relation between the 294 presence of permafrost and rock glacier please see our general answer. 295 p. 5307 -l.6: "5 rock glaciers mapped …" 296 AC: Done 297 p. 5307l.6: The fact that only 5 rock glaciers are outside the PZI is not necessarily an 298 indicator for a good agreement. It could also be a sign that the PZI is too conservative. 299 AC: Absolutely, this is a key issue, but not clear cut: The PZI is defined as an index in Gruber 300 (2012) precisely because the measurements and methods for testing real permafrost extent 301 are currently lacking: "Because the accuracy of estimated PE cannot be demonstrated and 302 many relevant fine-scale processes have to be neglected at the global scale, model results 303 are interpreted as a permafrost zonation index (PZI) that serves to represent spatial patterns 304 but that does not provide actual extent or probability of permafrost at a location." As such, 305 any evaluation of this map (and similar other ones) is inherently very difficult. 306
Correspondingly, the legend is given in a transition of colours and without quantitative 307 statements. Demonstrating this was one of the aims/outcomes of Gruber (2012). For this 308 reason we formulated the aims in the present paper rather carefully: "In the present study, 309 the purpose of using a permafrost map in the HKH region is to (a) exclude areas without 310 permafrost from further analysis, (b) to provide an indication of permafrost extent within the 311 area likely to contain permafrost, and (c) to provide regionally aggregated estimates of 312 permafrost extent.". Also, as the index is not claimed to correspond to actual extent, stating 313 the map to be biased conservatively/anti-conservatively is conceptually difficult. Following 314 your comment, we changed the sentence in the conclusion to: "Based on the information 315 available, PZI excludes areas where no permafrost can be expected quite successfully and is 316 currently the best estimation of the permafrost distribution in the HKH region." (New 317 Manuscript l. 370) Furthermore, we have added to the description of the PZI in the 318 introduction: "PZI is an index representing broad spatial patterns but it does not provide 319 
